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chromosomal positions except for those regions en-A Genome Analysis
compassing the amplicon. After a brief rest from theof Endoreplication preceding cycles of endoreplication, gene amplification
is synchronously initiated at the amplicons well beforein the Drosophila Ovary
the onset of chorion gene expression. There is differen-
tial timing in the initiation and rates of DNA synthesis
within each amplicon. Consequently, the gradient of am-
Gene amplification is used by follicle cells to increase plification is unique for each amplicon. Different genes
the copy number of Drosophila chorion genes, which within an amplicon display distinct copy numbers; those
encode structural components of the eggshell. A new closer to the active origin of replication have a higher
study by Claycomb et al. in this issue of Developmental copy number than do those genes further away. There
Cell raises the possibility that gene amplification might is also variation in the average copy number between
also be used for the developmental patterning of the amplicons (Spradling, 1981). A given amplicon might
egg chamber and oocyte. also exhibit variable levels of replication in different folli-
cle cells. For example, at late stages of maturation the
Endoreplication is the process whereby normal diploid anterior-dorsal follicle cells seem to incorporate more
cells become polyploid through the duplication of chro- BrdU than do other follicle cells of the egg chamber,
mosomes without accompanying cell divisions. In some indicating that there is both spatial and temporal control
cases, replicated sister chromatids adhere to one an- in the replication process.
other and form beautiful polytene chromosomes, which In the present study by Claycomb et al. (2004), quanti-
can be composed of as many as 1000 sister chromatids. tative microarray assays are used to find the two un-
Calvin Bridges used these giant chromosomes to pro- known sites of amplification in the follicle cells. These
duce the first physical maps of an animal genome. sites lie in chromosomal regions 62D and 30B. The de-
Polyploidy is pervasive in Drosophila, and is seen for velopmental program for these newly defined amplicons
both somatic tissues and derivatives of the germline. share many similarities with the previously defined sites.
Examples include the nurse cells and follicle cells of the All four domains are roughly 50–100 kb in length and
egg chamber within the female ovary. The nurse cells contain something like 20 protein coding genes. How-
are derived from the same germline progenitor (the oo- ever, as mentioned earlier, genes located at different
gonium) as the oocyte, whereas follicle cells are derived sites within each amplicon display distinct levels of am-
from somatic mesencyme, and form an epithelial mono- plification. Moreover, the average gene copy number is
layer composed of 650 cells around the developing different between amplicons. For example, 5–6 repeated
oocyte. Genome-wide endoreplication is observed in DNA replication initiation events produce a 30- to 60-
both the nurse cells and follicle cells, and during this fold increase in chorion gene copy number at the center
process most of the endoreplication mimics a normal of the original chromosome 3 amplicon. By contrast,
cell cycle that alternates between S phase and G phases, genes contained within the newly defined amplicons
albeit without an M phase. However, follicle cells subse- exhibit a more modest 4- to 6-fold average increase
quently undergo a more specialized form of gene ampli- in copy number. With the precision of new methods
fication (Edgar and Orr-Weaver, 2001). developed by Claycomb et al., it was possible to uncover
BrdU staining of follicle cells identified four regions details about the timing of replication initiation. The 62D
that undergo localized amplification. Two of these re- amplicon undergoes at least one round of reinitiation
gions, or “amplicons,” are located on the X chromosome during stage 13, well after completion of initiations at
and chromosome 3 (Calvi et al., 1998). In both cases, the other amplicons. Because replication elongation is
amplification is controlled by defined cis-acting ele- limited at this site, there is an interesting peak of amplifi-
ments that control the selective increase in chorion gene cation within a broader zone where the C values for the
copy number, above and beyond the generalized endo- resident genes are lower.
replication that precedes this specialized amplification Claycomb et al. have overturned the traditional view
(Austin et al., 1999; Beall et al., 2002). Both amplicons that the specialized form of gene amplification seen in
have been extensively characterized during the past 20 the follicle cells is used solely to increase the levels of
years, and there is considerable evidence that the in- structural proteins that constitute the elaborate outer
crease in chorion gene copy number is essential for shell of the mature egg. They have shown that two genes
the production of the large quantities of the encoded encoding putative secreted enzymes also depend on
proteins required for the structural integrity of the egg- amplification for normal function. These genes, yellow-g
shell. Linked genes within the amplicons are thought to and yellow-g2, might encode soluble enzymes required
“go along for the ride” by virtue of their proximity to the for the crosslinking of the vitelline membrane, located
chorion genes. between the outer eggshell and plasma membrane of
The amplification program is exquisitely controlled the growing oocyte. A modest replication-amplification
of the genes may provide a 10-fold increase in the levelsand is dependent upon the repression of replication at
Previews
5
of yellow-g and yellow-g2 activity. This increase may be follicle cells of the egg chamber may be an example of
needed to ensure that sufficient levels of the enzymes a broader role for DNA replication as a means for locus
can diffuse through the perivitelline matrix that sepa- control of gene expression.
rates the follicle cells and vitelline membrane.
It is thus possible that gene amplification might be
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